Background Triangular fibrocartilage complex abnormalities seem to be more common with age, but the degree to which this is so, and the degree to which the presence of an abnormality is associated with symptoms, are topics of controversy. Questions/purposes We wished to perform a systematic review to determine the prevalence of triangular fibrocartilage complex abnormalities, and to determine if the prevalence of abnormalities are greater with increasing age. In addition, we stratified age groups based on symptoms.
Abstract
Background Triangular fibrocartilage complex abnormalities seem to be more common with age, but the degree to which this is so, and the degree to which the presence of an abnormality is associated with symptoms, are topics of controversy. Questions/purposes We wished to perform a systematic review to determine the prevalence of triangular fibrocartilage complex abnormalities, and to determine if the prevalence of abnormalities are greater with increasing age. In addition, we stratified age groups based on symptoms.
Methods We searched MEDLINE, EMBASE, and the Cochrane Library through August 15, 2013 . Studies that reported triangular fibrocartilage complex abnormalities by age were included. Fifteen studies including 977 wrists met our criteria and reported a total of 368 (38%) triangular fibrocartilage complex abnormalities. Eight studies included symptomatic patients; the remainder studied cadavers (six studies) or asymptomatic volunteers (one study). Patients were divided into four age groups (\30, 30-49, 50-69, and 70 years and older) for pooled analysis, comparing the proportions of patients with and without abnormalities between groups using chi-square analysis. We also evaluated the proportions after stratifying each age group by symptoms. Results Overall, the prevalence of triangular fibrocartilage complex abnormalities increased with age, from 27% (80/301) in patients younger than 30 years to 49% (130/ 265) in patients 70 years and older (p \ 0.001), odds ratio (OR), 2.7, 95% CI, 1.9-3.8 (p \ 0.001). In asymptomatic patients, triangular fibrocartilage complex prevalence abnormality increased from 15% (24/159) to 49% (129/ 263) in the same age groups (p \ 0.001), OR, 5.4, 95% CI, 3.3-8.9 (p \ 0.001). For symptomatic patients prevalence ranged from 39% (56/142) to 70% (14/20) in patients between 50 and 69 years old (p\0.034), OR, 3.6, 95% CI, 1.3-9.9 (p \ 0.014). Conclusion Triangular fibrocartilage complex abnormalities are common in symptomatic and asymptomatic wrists, and they are increasingly common with age. As in all situations where abnormalities are so common that they may be incidental, we need (1) a reliable and accurate method for determining whether these abnormalities are the cause of symptoms; and (2) evidence that treatment of these abnormalities improves symptoms better than placebo.
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Introduction
Triangular fibrocartilage complex abnormalities are common in symptomatic [13, 22] and asymptomatic wrists [10, 12] and in affected and unaffected wrists in the same patient [4, 5] . Moreover, triangular fibrocartilage complex abnormalities seem increasingly common with age [10, 11, 16, 25] . Signal abnormalities on MRI and pathophysiology identified on wrist arthroscopy tend to be interpreted as ''tears'', but as with lower back pain, wrist pain is common and often difficult to relate to a specific pathophysiology. A substantial percentage of displaced fractures of the distal radius are associated with traumatic injury to the triangular fibrocartilage complex, but these traumatic lesions rarely are repaired and seem to have little or no long-term consequences [19] .
These observations have raised questions concerning the relevance of triangular fibrocartilage complex abnormalities in the diagnosis of wrist pain. Using the word ''tear'' to describe the variations identified with diagnostic studies might reinforce the maladaptive coping strategy of catastrophic thinking. The word tear suggests damage needing repair. If triangular fibrocartilage complex abnormalities are part of normal human aging and are common in symptomatic and asymptomatic patients, then the likelihood that a triangular fibrocartilage complex abnormality is incidental to the cause of symptoms may be high. The realization that triangular fibrocartilage complex abnormalities are part of normal ageing and that surgery potentially is unhelpful or unnecessary may decrease the appeal of operative treatment.
Our aim was to perform a systematic review to determine the prevalence of triangular fibrocartilage complex abnormalities, and to determine if the prevalence of abnormalities is greater with increasing age. In addition, we stratified age groups based on symptoms.
Materials & Methods
We searched PUBMED, EMBASE, and the Cochrane Library up to August 15, 2013, using the search string for title and abstract: (TFCC OR triangular fibrocartilage) AND (degeneration* OR tear*[Title/Abstract]) OR disruption* OR perforation* OR injur*). This yielded 506 results from PubMed, 552 from EMBASE, and seven from the Cochrane Library. Two of the reviewers (JJC, TT) examined the title and abstract for each result from the databases, and subsequently screened the full texts of eligible articles. They also scanned the reference lists for additional studies that met the inclusion criteria ( Fig. 1 ). We included studies that established triangular fibrocartilage complex abnormalities by individual patient's age in English, Dutch, German, or Spanish language. Case reports, meeting abstracts, preclinical studies, and fracture studies were excluded. We found no overlapping patient cohorts. Two reviewers independently extracted study data using standardized sheets. Discordant judgments were resolved by consensus discussion between the two reviewers. Our review is registered with PROSPERO, registration number: CRD42013006546 (Appendix 1. Supplemental material is available with the online version of CORR 1 ).
After removal of duplicates, our search identified 554 publications of which 115 were potentially eligible based on their title and abstract. After reading the full text, 15 articles were included in our final analysis ( Fig. 1) .
Eight studies included patients who presented with pain or clicking symptoms. The other 1 .
2 included asymptomatic patients (n = 1) or cadavers (n = 6). Abnormalities were identified by arthrotomy (n = 5), arthroscopy (n = 5), arthrography (n = 1), CT (n = 1), and MRI (n = 3). The definition of triangular fibrocartilage complex abnormalities varied across studies (Table 1) . Two studies collected their data retrospectively, the remainder of the studies were prospective. We assessed methodologic quality of the included studies by the relevant criteria for assessing the quality of nonrandomized cohort studies. This scale provided a maximum of four stars for method of selection (2) and outcome assessment (2) ( Table 3 in Appendix 2) [23] . The six anatomic studies could not be graded as no good grading tools exist. Average quality score was 2.3 stars, ranging from 0 to 4 ( Table 1) .
Pooled analysis included 977 wrists with a total of 368 (38%) triangular fibrocartilage complex abnormalities.
Outcome Measures
The following data were extracted: author, year, institute, patient age, method of triangular fibrocartilage complex observation, population, and abnormality. Four studies [10, 13, 17, 26] reported groups per decade rather than individual patient age. Individual patient's age was imputed as an average of the range of each decade, eg, age of patients in the second decade (range, 11-20 years) = 15.5 ((11+20)/2).
Patients were divided in four groups based on their maturity: (1) younger than 30 years, (2) between 30 and 49 years, (3) between 50 and 69 years, and (4) 70 years and older. Pooled overall prevalence of triangular fibrocartilage complex abnormalities per age group was calculated, in addition to odds ratios (OR) and 95% CI. Additionally, we calculated the prevalence in symptomatic and asymptomatic wrists per age group, where we regarded cadaveric wrists as asymptomatic. Differences were assessed by Pearson's chisquare test, a p value less than 0.05 was regarded as significant. Asymptomatic patients and cadavers were drafted from the general population, while most symptomatic patients were surgically treated. We feel the difference in cohort selection introduces too much selection bias for direct comparison of symptomatic and asymptomatic patients.
Results
Prevalence of abnormalities ranged from 27% (80/301) in the youngest age group and increased to 49% (130/265) in patients 70 years and older (p \ 0.001; Fig. 2) , OR, 2.7; 95% CI, 1.9-3.8 (p \ 0.001; Table 2 ).
Increasing prevalence persisted regardless of symptoms; abnormalities ranged from 15% (24/159) to 49% (129/263) in asymptomatic patients (p \ 0.001), OR, 5.4; 95% CI, 3.3-8.9 (p \ 0.001; Fig. 3 ) and from 39% (56/142) to 70% (14/20) in symptomatic patients (p \ 0.034), precluding two observations in the oldest symptomatic group from analysis; OR, 3.6; 95% CI, 1.3-9.9 (p \ 0.014; Fig. 4 ).
Discussion
Triangular fibrocartilage complex abnormalities seem to be more common with age, but the degree to which this is so and the degree to which the presence of an abnormality is associated with symptoms are incompletely understood. This systematic review aimed to determine the prevalence of triangular fibrocartilage complex abnormalities, and to assess if the prevalence of abnormalities is greater with increasing age in general and in patients with and without symptoms.
This study has several potential limitations. Triangular fibrocartilage complex abnormalities were diagnosed by several modalities of which direct observation by arthroscopy or arthrotomy is considered the reference standard [1, 14, 21] . The cadaver studies assume donors were asymptomatic, which may be inaccurate. Because of the inclusion of cadaver studies, not all studies could be assessed for methodologic quality. The included studies identified only two patients older than 69 years old with symptoms (an interesting finding given the findings of this review), limiting the validity and reliability of this age group in the analysis of symptomatic patients. There was wide variety of definitions and criteria for diagnosing a triangular fibrocartilage complex abnormality and this may hinder determination of a definitive rate. Future studies and clinical practice would benefit from a common interpretation.
We found an increasing prevalence of triangular fibrocartilage complex abnormalities diagnosed by various modalities. The triangular fibrocartilage complex was unaffected in only 1 .
2 of the patients older than 70 years. Previous studies found a correlation between age and abnormalities [10, 17] in cadavers [17] and asymptomatic patients [10] . This review also shows that abnormality rate increases in symptomatic patients. These results seem to emphasize that triangular fibrocartilage complex abnormalities are common independent of symptoms, more so with age, and therefore can be difficult to isolate as the primary symptom generator and a good target for operative treatment. It has not been clearly established that interventions to address triangular fibrocartilage complex variations are better than the natural history owing to varying surgical outcomes [3] and the absence of sham surgery controlled trials. We know from studies on knee arthritis [18] and other conditions [7, 22, 27] that the placebo affect associated with surgery is very strong and that surgical interventions with entirely subjective outcomes (eg, pain) require sham surgery controls to be certain of their effectiveness. It is possible that the majority of operative interventions for the triangular fibrocartilage complex are no better than regression to the mean, the natural history of wrist symptoms, or the placebo effect. Several lines of investigation are necessary before we can have confidence in the diagnosis and treatment of triangular fibrocartilage complex abnormalities. First, we must know the prevalence of normal variations and agerelated changes to determine and quantify the likelihood that a given abnormality is traumatic. Second, we must show that we can reliably and accurately distinguish traumatic from nontraumatic anomalies. Third, we must show that a given finding is the cause of symptoms and disability. Fourth, we must show that our interventions are better than the natural history of the disease and better than placebo interventions.
This systematic review begins to address the first two of these aims by reviewing all the studies of age-related prevalence of triangular fibrocartilage complex abnormalities and confirming that abnormalities are common in symptomatic and asymptomatic wrists alike and that they are more common with age. A high prevalence of asymptomatic abnormalities makes interpretation of diagnostic tests more difficult and the likelihood that a given abnormality is new or traumatic much lower. If we had a consensus reference standard for a traumatic or symptomatic abnormality, prospective studies could determine the positive and negative predictive values of various diagnostic tests.
Our results show triangular fibrocartilage complex abnormalities are more common with age independent of symptoms and therefore can be difficult to isolate as the primary symptom generator. Patients and surgeons should understand the current limitations in the management of wrist pain that may or may not be attributable to an abnormality of the triangular fibrocartilage complex.
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